This study evaluated the response of the subcutaneous connective tissue of BALB/c mice to root filling materials indicated for primary teeth: zinc oxide/eugenol cement (ZOE), Calen paste thickened with zinc oxide (Calen/ZO) and Sealapex sealer. The mice (n=102) received polyethylene tube implants with the materials, thereby forming 11 groups, as follows: I, II, III: Calen/ZO for 7, 21 and 63 days, respectively; IV, V, VI: Sealapex for 7, 21 and 63 days, respectively; VII, VIII, IX: ZOE for 7, 21 and 63 days, respectively; X and XI: empty tube for 7 and 21 days, respectively. The biopsied tissues were submitted to histological analysis (descriptive analysis and semiquantitative analysis using a scoring system for collagen fiber formation, tissue thickness and inflammatory infiltrate). A quantitative analysis was performed by measuring the area and thickness of the granulomatous reactionary tissue (GRT). Data were analyzed by Kruskal-Wallis, ANOVA and Tukey's post-hoc tests (α=0.05). There was no significant difference (p>0.05) among the materials with respect to collagen fiber formation or GRT thickness. However, Calen/ZO produced the least severe inflammatory infiltrate (p<0.05). The area of the GRT was significantly smaller (p<0.05) for Calen/ZO and Sealapex. In conclusion, Calen/ZO presented the best tissue reaction, followed by Sealapex and ZOE.
INTRODUCTION
In primary teeth with irreversible inflammatory pulpal alterations or pulp necrosis with or without apical periodontitis, the endodontic treatment consists of biomechanical root canal preparation and obturation with phagocytable materials (1) . In these cases, tissue compatibility is one of the most important requisites because root canal filling materials for primary teeth are placed in developing organisms (2, 3) , and remain in intimate contact with apical and periapical tissues, especially during physiological root resorption, and with the germ of the permanent successor (4) .
Several materials have been proposed for root canal filling in primary teeth, the most commonly used being zinc oxide and eugenol cement (ZOE). However, this material may unchain a chronic inflammatory reaction
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recently been proposed (12) . The addition of ZO aims at reducing the velocity of paste phagocytosis, which should accompany the physiological resorption of the roots of the primary teeth (11) . This paste also has high antibacterial activity (13) . This study evaluated the response of the subcutaneous connective tissue of isogenic BALB/c mice to the implantation of polyethylene tubes filled with ZOE, Sealapex and Calen/ZO.
MATERIAL AND METHODS
All experiments were approved by the Animal Care and Use Committee of the Dental School of Ribeirão Preto, University of São Paulo, Brazil (Protocol number 07.1.124.53.0) in compliance with the applicable ethical guidelines and regulations of the International Guiding Principles for Biomedical Research Involving Animals. The study design and parameters for tissue reaction evaluation were in accordance with the ISO 10993-6 (1994) standard (14) .
One hundred and two male isogenic BALB/c mice aged 6-8 weeks and weighing 15 to 20g were obtained from the Laboratory Animal Care Facility of the Medical School of Ribeirão Preto, Brazil, and were randomly assigned to 11 groups. Each animal received one polyethylene tube implant (10 mm long x 1 mm diameter) on the dorsal region, filled with one of the tested materials (experimental groups) or an empty polyethylene tube (controls groups). Distribution of the animals in the groups were as follows: Groups I, II, III: Calen/ZO for 7, 21 and 63 days, respectively; Groups IV, V, VI: Sealapex for 7, 21 and 63 days, respectively; Groups VII, VIII, IX: ZOE for 7, 21 and 63 days, respectively; Groups X and XI: empty tube for 7 and 21 days, respectively. Groups I to IX had 10 animals each, while Groups X and XI had 6 animals each.
All tubes had their ends closed by using sterile heated clinical tweezers, and were then sterilized with ethylene oxide, and filled with the materials under aseptic conditions in a laminar flow chamber immediately prior to use and implantation. The commercial materials were mixed according to the manufacturers' instructions. Calen/ZO was prepared by mixing 1g of Calen paste with 0.65 g of ZO on a sterile glass plate.
Before tube implantation, the animals were anesthetized with an intraperitoneal injection of 10% chloral hydrate (1 mL/100 g body weight), and had the dorsal region shaved and cleaned with a 1% chlorhexidine solution (Farmoderm, Ribeirão Preto, SP, Brazil). A 1-cm-wide incision was made on the dorsal region followed by tissue divulsion with Kelly forceps, and the tube was inserted into the connective tissue and the skin borders were closed with 4-0 silk sutures (Vicryl; Johnson & Johnson: Ethicon Inc., New Brunswick, NJ, USA). The surgery was performed under aseptic conditions to minimize the trauma to the implant area. The animals were kept with free access to standard chow and water during the experimental periods and were periodically observed for local, systemic and behavioral abnormalities.
At the end of each experimental period, 10 animals of each experimental group (7, 21 and 63 days) and 6 animals of each control group (7 and 21 days) were anesthetized again for careful removal of the implant together with the surrounding tissues (skin and subcutaneous connective tissue) and were then sacrificed by anesthetic overdose. The biopsied tissues were fixed in 10% buffered formalin solution for 48 h and then subjected to routine processing for histological analysis. Serial 4-5-µm-thick sections were made parallel to the tube long axis and stained with hematoxylin and eosin. The specimens were examined by a trained pathologist with a light binocular microscope (Olympus, Tokyo, Japan) at ×4, 10, 40, and 100 magnifications. Descriptive (qualitative), semi-quantitative and quantitative microscopic analyses of tissue reaction to the tested materials and the empty tubes at the different experimental periods were done.
In the semi-quantitative microscopic analysis, performed as described by Silva et al. (11) , four-point (0-3) scoring systems were used to evaluate the tissue around the implants, according to the following parameters: Collagen fiber formation (number and density of collagen fibers permeating peripheral cells located within the reactionary granulomatous tissue (RGT) surrounding the material tested): score 0 = absent; score 1 = mild: individual collagen fiber arrangement resembling a normal connective tissue, permeated by negative spaces indicative of non-fibrous components of the extracellular matrix; score 2 = moderate: areas with individual collagen fibers alternated with areas of eosinophilic extracellular matrix without typical linear and undulate formations; and score 3 = intense: collagen fibers merged within an eosinophilic extracellular matrix without the typical linear and undulate formations, not allowing to distinguish the individual fibers; Inflammatory infiltrate ( concentration of polymorphonuclear neutrophils -PMN -permeating the reactionary tissue surrounding the implanted material): score 0 = absent; score 1 = mild (1 to 10 PMN); score 2 = moderate (11 to 20 PMN); and score 3 = intense (>21 PMN).
For the quantitative microscopic analysis, the area (µm 2 ) and the region of greatest thickness (µm) of the RGT formed at the tube ends were measured. The microscopic images were captured and transferred to image-analysis software (J 1.28 u, National Institute of Health, Staten Island, NY USA).
Higher scores related to collagen fibers formation, and inflammatory infiltrate, represented the worst tissue compatibility of the materials. Also, increased values of area and thickness of RGT were considered.
Results from the semi-quantitative and quantitative analyses were analyzed statistically using Graph Pad Prism 4 statistical software (Graph Pad Software Inc., San Diego, CA, USA). Data from collagen fiber formation and inflammatory infiltrate were analyzed by the Kruskal-Wallis test, while data from the area and the greatest thickness of the RGT were analyzed by Kruskal-Wallis, ANOVA and Tukey's post-hoc tests A significance level of 5% was set for all analyses.
RESULTS

Descriptive Microscopic Analysis
Group I (Calen/ZO -7 days) ( Fig. 1A and B):
The tissue reaction at the interface between the material and the surrounding connective tissue was characterized by a thin, homogeneous zone of eosinophilic tissue. Macrophage infiltration could be seen underneath this tissue, with well organized foci of fibroblasts and areas with inflammatory multinucleated foreign body giant cells (GC). Several PMN were seen permeating the zone of tissue reaction. There was focal collagen fiber formation without the formation of a characteristics continuous and well organized capsule.
Group II (Calen/ZO -21 days) ( Fig. 1C and D ): There was moderate collagen fiber formation, with welldefined capsular organization, several macrophages, mild edema and number of PMN ranging from mild to moderate. Some GC were also seen. There was increase in collagen fiber formation as well as improvement of capsular organization and decrease of edema and leukocyte infiltration, especially macrophages.
Group III (Calen/ZO -63 days) ( Fig. 1E and F): The tissue reaction was thinner and very well organized.
Collagen fiber formation ranged from mild to moderate; the mild collagen fiber formation was similar to that of the surrounding tissues. The number of PMN and GC was significantly low.
Group IV (Sealapex Sealer -7 days) ( Fig. 2A  and B ): At the interface with the material there was a homogenous hyaline area, with cellular fragmentation and mild edema. Underneath this area, there were several PMN, macrophages and young fibroblasts. Mild collagen fiber formation predominated in some specimens.
Group V (Sealer Sealapex -21 days) ( Fig.  2C and D): The zone of tissue reaction was thin and presented a mild to moderate well organized collagen fiber formation. Mild edema and neutrophil response were observed. The macrophages presented dark birefringent engulfed sealer particles in their cytoplasm. These particles were also abundantly observed in the cytoplasm of GC.
Group VI (Sealer Sealapex -63 days) ( Fig. 2E and F): Moderate well organized collagen fiber formation was observed. Macrophages were phagocyting material particles and were diffusively distributed within the reactionary tissue. The PMN were found in a large number and some GC were also present. The zone of tissue reaction was thin.
Group VII (ZOE -7 days) ( Fig. 3A and B) : At the interface with the material, the reactionary tissue did not present an eosinophilic area, and the cell types were PMN, in a large number, macrophages and fibroblasts. Mild edema and collagen fiber formation were observed with well defined capsular organization. GC were present in a large number.
Group VIII (ZOE -21 days) ( Fig. 3C and D) : The reactionary tissue was moderately thick with good capsular organization. The fibroblasts were well defined, fusiform and were arranged continuously with collagen fibers. A small number of PMN was present. In some specimens, the macrophages presented engulfed sealer particles in their cytoplasm. Some GC were observed.
Group IX (ZOE -63 days) ( Fig. 3E and F) : The zone of reactionary tissue was thinner than at 7 and 21 days. Collagen fiber formation was mild and well organized. No macrophages phagocytizing material particles were seen. Some GC were present. The PMN were present in a considerable number and were more numerous than at 21 days.
Group X (Empty tube -7 days) ( Fig. 4A and B): The tissue reaction at the tube end was represented by the marked presence of fibroblasts permeated by macrophages and occasional PMN. No GC were found. At the lateral tube walls the tissue response was less exuberant, with few GC and macrophages. In terms of collagen fiber formation and structural organization, the morphology of the reactionary tissue was close to that of fibrous connective tissue.
Group XI (Empty tube -21 days) ( Fig. 4C and  D) : The thickness of the reactionary tissue at the tube end was less exuberant when compared to the 7-day period, but with less intense collagen fiber formation. The macrophages were associated with occasional PMN and GC. Compared to the lateral walls of the implanted tube, tissue response at the empty tube end was more intense in terms of thickness and number of cells.
Semi-Quantitative Microscopic Analysis
The distribution of the scores obtained after evaluation of the collagen fiber formation and inflammatory infiltrate for the tested materials at the different experimental periods is presented in Figure 5  (A and B, respectively) .
Regarding collagen fiber formation, at 7 days, the control group presented greater collagen fiber formation (Fig. 5A ), but differed significantly (p<0.05) only from Sealapex. At the 21-day period, greater collagen fiber Figure 1 . Calen/ZO: A and B = At 7 days, macrophages (M), fibroblast bundles (arrows in A), polymorphonuclear neutrophils (N) and areas of coagulation necrosis (CN) were observed (HE; A = ×4 and B = ×100). C and D = At 21 days, moderate collagen fiber formation was observed, with well organized collagen bundles and well defined capsular organization at the interface with the material (in C). Macrophages (M) can be seen among the fibroblasts (FB) as well as mild edema (represented by the spaces negative) and occasional polymorphonuclear neutrophils (N). Discrete presence of granular, homogeneous and eosinophilic material particles was observed (HE; C = ×4 and D = ×100). E and F = At 63 days, mild collagen fiber formation was seen, with poorly organized short and well defined collagen bundles and no evident capsular organization at the interface with the material. Macrophages (M) can be seen among the fibroblasts (FB), even close to the material, as well as mild edema (represented by the spaces negative) and occasional polymorphonuclear neutrophils (N). (HE; E = ×4 and F = ×100). T= Polyethylene tube; MT=Material; MM= Skeletal muscle; DM=Dermis; NF= Neural fiber bundle; BV=Blood vessel. formation was observed in response to Calen/ZO and Sealapex, though without significant difference (p>0.05) between them. There was significant difference (p<0.05) between all tested materials and the control and between Calen/ZO and ZOE (p<0.05). At 63 days, the analysis of data showed significant difference (p>0.05) among all tested materials.
Regarding the inflammatory infiltrate (Fig. 5B) , at 7 days, there was significant difference between all tested materials and the control (p<0.05), and Calen/ZO produced an inflammatory infiltrate of lower intensity than the other tested materials (p<0.05). At 21 days, there was statistically significant difference between all tested materials and the control (p<0.05), which showed no inflammatory infiltrate in most specimens. However, no statistically significant difference (p>0.05) was found when the tested materials were compared to each other. At 63 days, Calen/ZO produced a less severe (p<0.05) inflammatory infiltrate than the other tested materials.
Quantitative Microscopic Analysis
The mean values and standard deviations of the area and greatest thickness of the RGT at the tube end in the different groups are presented on Table 1 .
Regarding the area (Table 1) , at the 7-day period, there was significant difference only between the control and Calen/ZO, and between the control and Sealapex (p<0.05), the control presenting the largest area and Calen/ZO the smallest. At the 21-day period, the area of the reactionary tissue decreased in the control and in all tested materials, without statistically significant difference among the groups (p>0.05). At 63 days, the area decreased even more for Calen/ZO and Sealapex, and increased for ZOE. There was significant difference (p<0.05) between Calen/ZO and ZOE, and between Sealapex and ZOE.
Regarding the greatest thickness of the RGT (Table 1) , at 7 days there was no significant difference (p>0.05) among the groups. At the 21-day period, the thickness of the reactionary tissue increased in response to all tested materials and decreased in the control group. There was significant difference between ZOE and the control, and between Calen/ZO and the control (p<0.05). At 63 days, there was no statistically significant difference (p>0.05) among the groups.
DISCUSSION
Since the toxic and inflammatory reactions present the same characteristics in all connective tissues (15) (16) (17) , implants in subcutaneous connective tissue are used to evaluate the biological response to the implanted material (14) , being a preliminary source of information about the compatibility of the material with the biological activity of the surrounding tissues.
In the present study, the inflammatory infiltrate, the area and the thickness of the reactionary tissue produced by Calen/ZO decreased with time, showing collagen fiber formation at the interface with the implanted material.
The Calen paste is a recognizably biocompatible material (9,10), being used as a temporary dressing in teeth with periapical lesions (18) . However, although Calen/ZO presents high antimicrobial activity (13), its tissue compatibility has not been evaluated in previous studies, which makes difficult the direction discussion of the present results.
Although some authors have attributed to the zinc the capacity of interfering in the inflammatory process for reducing phagocytic capacity of macrophages and interfere in the membrane of the lysosomes (19) , the incorporation of ZO to the Calen paste seems not to have affected its biological proprieties, since in the present study, after implantation of the polyethylene tubes containing Calen/ZO in the subcutaneous connective Table 1 . Means (and standard deviation) of the area and greatest thickness of reactionary granulomatous tissue (RGT).
Material
Area of RGT (µm 2 ) Greatest thickness of RGT (µm) tissue of mice showed compatibility with the biological activity of peripheral tissues. In the group in which polyethylene tubes filled with Sealapex were implanted, an intense inflammatory infiltrate was observed at the beginning of the experiment, which, although decreased in the intermediate period, was exacerbated at 63 days. Over time, the collagen fiber formation increased and the area and thickness of the reactionary tissue decreased.
After implantation of the tubes containing Sealapex in the connective tissue of subcutaneous rats, Zmener et al. (15) observed, after 7 days, the formation of a granulomatous reactionary tissue containing GC and macrophages with material particles engulfed in their cytoplasm, as well as several fibroblasts and blood vessels. The area of tissue reaction to the implant increased with time and the presence of material particles inside the macrophages, GC and vessels, far from the tube ends. According to the authors, this fact is due to components of Sealapex, such as titanium dioxide, which may be easily dispersed by the adjacent tissues, causing an intense foreign body tissue reaction.
Unlike the findings of Zmener et al. (15) , the present results showed that the area of granulomatous reactionary tissue to the implanted polyethylene tubes containing Sealapex decreased with time. However, in the same way as observed by those authors, we found macrophages and GC diffusively distributed in the reactionary tissue, with material particles in their cytoplasm, demonstrating the presence of a material that the organism finds hard to break down. In addition, Zmener et al. (15) did not mention the presence of PMN, which, in the present experiment, were observed in all periods, with a larger number of these cells at 63 days in comparison to 21 days. It may be speculated that this intensification of the PMN response is related to the solubilization of the sealer and the release of more aggressive products, present in their new formulation, which exacerbate the inflammatory tissue reaction.
The tissue reaction after implantation of the tubes containing Sealapex in the subcutaneous connective tissue of rats was evaluate in a previous study (6) , which found that good tissue tolerance. In the present investigation, collagen fiber formation became more defined with time and. At 63 days, the fibrous capsule was well organized, and there were macrophages and GC with birefringent material in their cytoplasm.
Veloso et al. (7) implanted polyethylene tubes filled with Sealapex in the subcutaneous tissue of rats and observed that in the initial periods (48 h and 7 days), the inflammatory response ranged from severe to moderate, and at the final periods (21 and 60 days), the tissue reactions were becoming less intense, demonstrating the biocompatibility of this sealer. In the present study, it was also observed the presence of inflammatory infiltrate ranging from moderate to severe in the initial period, and was predominantly mild at 21 days and predominantly moderate at 63 days.
The reaction of the connective tissue of rats to Sealapex has also been evaluated by the implantation of tubes into the dorsal connective tissue of Wistar rats in a previous study (8) . The material caused mild or moderate inflammatory reactions on the 7th day, but these reactions decreased by the 30th day, which was also observed in the present study.
Regarding ZOE, Sumer et al. (16) , after implantation of tubes containing ZOE in the subcutaneous connective tissue of rats observed a discrete inflammatory response at 15, 30 and 60 days. In the present experiment, predominantly mild inflammatory infiltrate was observed only at 21 days, being severe at 7 days and moderate at 63 days. The 7-day findings indicate that the inflammatory process was in the initial stage and that at 63 days the aggression was occurring in a repetitive manner. A severe tissue response in the initial periods is predictable, but not in the final periods (16) . Although ZOE is still widely used for obturation of root canals of primary teeth (1, 5) , other materials with potentially greater tissue compatibility are available. In the present study, Calen/ZO presented the best tissue response compared to Sealapex and ZOE.
RESUMO
Neste estudo avaliou-se a resposta do tecido conjuntivo subcutâneo de camundongos BALB/c a materiais obturadores de canal radicular de dentes decíduos: óxido de zinco/eugenol (OZE), pasta Calen ® espessada com óxido de zinco (Calen/OZ) e cimento Sealapex ® . Os camundongos (n=102) receberam implantes de tubos de polietileno+material e foram divididos em grupos: I, II, III -Calen/OZ (7, 21 e 63 dias, respectivamente); IV, V, VISealapex (7, 21 e 63 dias, respectivamente); VII, VIII, IX -OZE (7, 21 e 63 dias, respectivamente); X, XI -tubo vazio (7 e 21 dias, respectivamente). Os tecidos foram submetidos ao processamento e análise histopatológica descritiva e por meio de escores do fibrosamento, espessura tecidual e infiltrado inflamatório. Para a análise quantitativa mensurou-se a área e a espessura do tecido granulomatoso reacional (TGR). Os resultados foram analisados pelos testes de Kruskal-Wallis, ANOVA e pós-teste de Tukey (α=0,05). Não houve diferença significante (p>0,05) entre os materiais, com relação ao fibrosamento e à espessura do TGR. Contudo, Calen/OZ apresentou infiltrado inflamatório de menor intensidade (p<0,05). A área do TGR foi menor (p<0,05) para Calen/OZ e Sealapex. Pôde-se concluir que Calen/OZ foi o material que apresentou a melhor compatibilidade tecidual, seguido pelos cimentos Sealapex e OZE.
